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The invention relates to a process for production of a 
sintered oxide ceramic of composition Ce x M y D z 0 2 _ a with dense 
structure without open porosity or with a predetermined 
porosity, where a first doping element M is used from at 
least one element of the group consisting of the rare earths 
but M * Ce, alkali and earth alkali metals, and a second 
doping element D of at least one metal but D * M. 



It is known to produce ceramics based on ceroxide (Ce 2x O) by 
means of various processes. Such processes are for example 
film casting or pressing with subsequent sintering at 
temperatures of 1300 - 1650°C Such high sintering 
15 temperatures are necessary to obtain a dense structure 
without open porosity and a high strength. However these 
high temperatures lead to a grain size in the structure of 
the order of several micrometres (um) . As the grain size 
increases the mechanical properties of the ceramic 
20 deteriorate. The production and use of ceramics based on 
Ce0 2 is known from several points of literature, for example 
from Solid State Ionics, Vol. 36, 71 - 75 (1989). 

WO, A 91/09430 describes a solid electrolyte composition 
25 based on ceroxide, a fuel cell and a process for generating 
electricity with this cell. The ceroxide ceramic contains a 
first doping element M selected from the group consisting of 
Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Sc, Y, 
La and Ca, and a second doping element D from the group 
consisting of Pr, Sm, Eu, Tb, Fe, Co and Ni where M * D. 
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The first doping element M in WO, A 91/09430 is used to 
increase the ion conductivity, the second doping element D 
to reduce the electron conductivity of the composition under 
35 reducing conditions. The solid electrolyte is produced in 
the conventional way by means of pressing and sintering at 
temperatures in the range from 1300 - 152 5 o C . No statements 
are made concerning the microstructure or grain size, but 
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because of the parameters given, however, these must lie i„ 
the range of several micrometres. 

Furthermore EP.Al 0722X94 discloses the composition of a 

ceiT TT lyte with defecti - e 

selected from the group consisting of Lu, Yb, T„, Er Y " 

aLlT' 'I' Sm ^ FUrth6r d — — - * and B are 

10 IT , earth alka " metalS " ThS ««» «• composite 

10 materials described here have a lower electronic 
conductivity than conventions ceroxide .l^^ 

st™ T I 0 "' el — yte ™* * Passing £ 
Sintering which is carried out at the usual hign 
temperatures. A sintering process at 1500°C for four hours 
15 under atmospheric conditions is mentioned in order to obtain 
a Sintered body with a cubic monophase fluorite structure 
NO statements are made on the microstore or grain sLe,' 
but because of the parameters given, however, a grain si ze 
of several micrometres can be assumed 

20 

The inventors have faced the task „f „„.,.■ 

Production of a sintered oxide ceralL of t7 / Pr ° CeSS *" 
initial with which the s^TeU^ iTcT^ 

25 UTi" 03,1 ^ ±nflUenCea ~<* that an extremely f ine 
25 structure in the submicron range can be achieved with 

Z T7ie n C t in915 ; 9 ° od meohanical properties of the 

Ine electrical properties i Q 

v Arties, i.e. the ion and electron 

conductivity, should remain unchanged despite the low graT 

30 

2lt aSk S ° 1Ved aCC ° rdi "9 to «» invention in that to the 

me^a of " ^ ^ ° *~ «* ~ 

metal of the group consisting of Cu, Co, Ni, Fe and Mn, in 

the submxcron particle size or as a salt solution and 
35 Sintered at a temperature of 750 - l 250 Oc into T 
ceramic with extremely fine structure of gr „ 
around 0.5 urn. Special Md ^ 
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embodiments of the process are the subject of dependent 
claims. 

The first doping element M is added in order to obtain 
certain electrochemical properties for the proposed area of 
application, for example a specific oxygen ion conductivity 
Common first doping elements M are known from the 
literature, in particular the rare earths such as La, Pr 
Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu, the 
alkalx metals Ca, Sr and Ba and the earth alkali metals Sc 
Y and Ga. These elements are used individually or in 
combinations of several elements. 

For the process according to the invention commercial 
15 ceroxide can be used which already contains a corresponding 
mol fraction y of the first doping element M, which is 
advantageous in particular for routine applications. It is 
of essential importance that the powder is present in a 
particle size in the submicron range or is brought into this 
range. This can be achieved before or after addition of the 
second doping element D depending on the grain size of these 
components . 

}o£_A EWmtly, for performance of the process according to the 
25 inve^ion the individual components can also be used 
Suitab** starting materials, also known as educts, are in 
particulaiWides of the components. These are ground dry 
and wet, then calcinated. When inorganic salts are used as 
starting elements, wet chemical methods can be applied 
followed by copre^ipitation, filtering and calcination. 

^V 01 fraction x for the basic component Ce preferably 
HesXin the range of around 0.5 to around 1. The first 
doping^lement M is preferably added in a mol fraction y of 
35 0 <; y X* In the limit case f dop . ng eiement m 

can even bex omitted. The mol fraction z for the second 
doping elemen^ preferably lies in the range of 0 < z 
0.05. In particular the mol fraction z for the second doping 



20 



30 



- 4 - 



10 



element D/ which V 8 not optional li ke the first doping 
element M, lies in ±he range from 0.001 < 2 < 0 . 02. Compared 
wxth the first doping element M, the doping range for the 
second doping elemenj D is very narrow and close to 0. 

In any case the particle size of the components used as 
educts for the oxide ceramic lies in the submicron range 
suxtably clearly below 1 m . This applies even though the 
expert knows that a certain proportion of coarser particles 
facilitates the handling of the powder. The preferred mean 
partxcle size of all components of the starting powder is 
below 0.1 m , in particular in the range from 0.01 to 0.05 



The sintering temperatures preferably lie i„ the range from 
800 to 1200OC, in particular 850 - lio 0 o C . Suitab i y . 
heating rate in the range of 0.5 - 20, preferably 1 - 
10 C/min is used. These sintering temperatures lie clearly 
below the previously conventional, even deemed necessary, 
temperature range above 1300°C. 

Depending on the required properties of the sintered 
ceramxc, the sintering process is continued in a first 
variant until at least 98% of the theoretically achievable 
densxty is achieved. The sintering process according to the 
invention can however simply be continued within economic 
limxts until at least 99% of the theoretically achievable 
densxty is achieved or even exceeded. The necessary process 
^ parameters are determined theoretically or empirically. 

In a further variant of the process according to the 
xnvention porous sintered ceramics can also be produced. For 
a given porosity, for example 80% of the theoretically 
achxevable density, the continuous temperature rise is 
xnterrupted at a temperature determined again theoretically 
or empirically and the sinter process terminated 
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According to all variants the sinter temperature is 
preferably lowered again, for example by cooling, not 
immediately after reaching the end temperature but held at 
the predetermined optimum final temperature for a certain 
holding period. This holding time is preferably at least 
0.25 h, in particular 1 to 2 h. 

The advantages of the process according to the invention can 
be summarised briefly as follows: 

- Depending on the process parameters, a sintered oxide 
ceramic can be produced in dense structure without open 
porosity with more than around 98%, if necessary also 
more than around 99% of the theoretically achievable 
density. Premature interruption of the temperature rise 
during the sintering process can also lead to a porous 
structure with a specified lower density. 

- The sintered oxide ceramic has an extremely fine 
structure with a grain size of maximum around 0.5 um, 
preferably maximum around 0.1 um, whereby a material 
with better mechanical properties can be produced. 

- Due to the low sintering temperatures, the sintering 
process entails lower energy and investment costs. 

- The electrical properties with regard to the ion and 
electron conductivity remain good and unchanged. 

- The application possibilities of the ceramics produced 
according to the invention are correspondingly 
versatile, for example as electrolytes, electrodes, 
sensors and insulation materials. 
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The invention is explained in more detail usina th. „ ■ 

and graphs shown in the dra ^xagrams 

^grammatically: Swings. These show 

5 " Fig. 1 a sinter rate A WLq as a function Qf tempera 

for Ce 0 . 8 Gd 0 . 2 Co z O 2 _ a Ure T 

Fig. 2 a sinter rate AL/L n as a f linn4 . • 

~ „ 0 function of temperature T 

for Ceo. 8 Gd 0 . 2 Cu z 0 2 _ a/ P tUre 

10 

Fig. 3 a microstructure of Ce n of* ^ 

^-eo.sGdo^Oz.a according to 

the state of the art; 

Fig. 4 a microstructure of 
15 B . Ce 0.8Gdo. 2 Co l0 2_ a according to 

15 Fig. 1, y 

- Pi,. 5 the electrica! con teivlty of Ce 0 . 8G d 0 . 2Dl o 2 _ a , 

*° " Fl9 ' 6 ZlJlT ele " riCal — «-t y of ceroxide 

ceramics as a function ^ 

pressure, ° f ° Xy9en 

- M«. 7 a density change Qf 

constant heating rate, and 

25 

Fig. 8 a variant of Fig. 7. 

Figs. 1 and 2 show a sinter rate Al/t * ^ 

rate al/L 0 for Ce n oGdn 0O0 
referred to below as rrn O.8^ 0 . 2 u 2 _ a/ 

30 added i„ varia £ ZT^ ies ^ 0 

constant heating ra" S ^ n T\ " 3 

according to Fig. 2 copper Cu J. 1 C ° balt C °' — 

material. The doping oultitv is ** " SeC ° n<J d ° Pin9 

-« -responds to a ^ I rLtio„ 91Ven / n ^ °" 01 
35 mo! fraction « of 0.02. fraCtl ° n * of »-0001. to 2„ol% a 

Curves 1 to 5 follow similar trends with th . 

elements Co (Fig. X) and Cu (Flg ^ " lth th * *» *°Ping 
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Curve 1 „ hich shows 

— a correspond sinter rate ! °- 01 «*• » 

range with a slight maximum * «~ • »road temperature 
5 Peak. The maximum slnter the area of ar ou„ d 930 o c as a 

and a „ density Qf ^ * • gating rate of 5 o c/nin 

AL/L °- Curves ^ and 3 which sho„°'the\ 7 JU " 3b °' e "2<> 
sinter rate of CGO with 0 .x ^ 0 5 t "~ '"""-P—t 
essentially correspond to curve , „ ! m ° 1% ° res P<=«ively 
10 -nter rate ^ with show a slightly higher 

temperature at around 100 0 o C In the t0 " ardS 3 hi * h « 

doping element D (Pig. „ " " °" CMe of c ° as a second 
area of - 25 anrt . ' 6 peak ln <™rve 2 lies in 

^5, and ln curve 3 around -30 t, „ the 
the peak of curve 2 lies below 0 25 " " = Cu ("9- 2, 

15 and is shifted towards clearlv I ,' 3 arOUnd "30 

MO (curve 2, and 100 0 o C (curve 3 > te »*«atures, namely 

Curves 4 and s for )-h= * 

»*th Imolt D and 2mol % D ^V™***""** «te 
20 f-lopment in relation to curves 'T^™ Terence in 
Mrr0 — temperature r^gTa^d 'f oT «<«" - a 

the range from -50 to -75 and «. • ° r<5aCh ValUSS ln 

--er rate, l ies at ^y^JT ^ ^ 
(curve 4, and 850 - 87 0 o C (curve ^"atures of 930 



Fi ?s. l and 2 show that with t h = ., 

^antity of Co or Cu, a cllr T ° f * Sma11 

temperature can be achieved J^TT °* ^"^^ 

Sintering rate in the range of 85n * for the 

30 around 900O C . 9 ° f 850 " "00, in particular 

"9. 3 shows a coarse-grained microstru^ 

the addition of the second doping ^7 °* ^ With ° Ut 
around 14 soo C , with the ^ ^ £-«t D, sintered at 

35 lies in the area of l m _ * f 2 h " The °rain sizes 

Partly clearly helow thTs' th SUbStanti a»y above this, 
distribution i„ the ran* ^ f oT^ * >™ 

sity of — -iatLr s p^rumr":: 
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^li*" , haS 3 diSadVant ^ eous •««* on the mechanical 
stability. Fig. 3 documents the usual state of the art. 

Fig. 4 shows a microstructure of CGO according to the 
5 invention doped with lanis rv. • ^ 

h„i„- ' Slnte «d at 900°C with a 

0ld1 " 9 tlme ° f 2 h - The •*« 1- around 0.1 urn, the 

density more than 98% of the theoretical possible density 
This leads to an extraordinarily high mechanical stability 



Fig- 5 shows the total electrirai 

electrical conductivity a tot [ S /m], 

i.e. the sum of the ion and electron conductivity at 700 
nd 800 C. on the abscissa at the far left are the 
comparison values for pure cm 

Cu Fe Mi r - successively those of 

» :* element 7 r^cTTT" ^ * ~ 

conductivity, with the ^1^^ 

ordVTf IT 1 " 9 , — ' — »- in the lame 

order of magnitude. The conductivity climbs without 
exception with the rising temperature. The doped clr^de 
20 ceramics are each sintered at 900°C, pure CGO at 1450O C 

c'onductivitTX r r e s/ m d r Penden r ° f thE total metrical 
tivity o tot [S/m] as a function of the oxygen partial 

Pressure at a temperature of 700°C Th» 
25 CP„ 2 /atm,, and the ordinate" £ 

tZZT* ^ l09arlth " iC »- curve for pure CGO 

sintered at around 1450°C and rm ~ - ^ 

lmol% Co run practically identically. " ^ 

30 ra!e S 'of ? "* ! "T 3 ^ " * «»«•"* heating 

10 ° C /" ,in *~ — «0 as . comparison example 
and CGO doped with 2mol% Cu (Pig. 7) or Co P 

theoretically possible density. Figs . 7 ^ , snQw 
essentially faster rise in * 

CCO doped with compoU: T T^ZTZ^n^ Z 
addition of 2 „oi % cu the theoretically poss'l" dlsity of 
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« is practically reached at just 900°C, and with doping 
with 2mol% Co at around 950°C. In both cases however the 
significantly lower sintering temperature of CGO doped with 
a second doping element D (C U/ Co) is unmistakable. 



Example 1 
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Specimens were produced on the basis of Ce0 2 in the process 
according to the invention. On a first specimen the doping 
of CGO with lmol% copper (second doping element D) is 
described in detail. For specimens 2-5 with other second 
doping element D the procedure was similar. 

15 2.778 g Cu(N0 3 ) 2 *3H 2 0 copper nitrate was completely 
dissolved in 50 ml ethanol . 5 ml of the solution were then 
added to the 20 g Ce 0 . 8 Gd 0 . 2 0 2 - a (CGO) which was present in 
submicron powder form, carefully mixed in an agate mortar 
and dried at 120°C. 
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The second doping element D was added in a concentration of 
2mol%. The development of the sinter rate AL/L as a function 
of temperature T for the second doping element Co and Cu is 
shown as curve 5 in Figs 1 and 2. 

The following further specimens were produced accordingly: 

- specimen 2: Ce 0 . 8 Gd 0 . 2 0 2 _ a + lmol% Co, 3.346 g 
Co(N0 3 ) 2 *6H 2 0 in 50 ml ethanol 

- specimen 3: Ce 0 . 8 Gd 0 . 2 0 2 _ a + imol% Ni, 3.344 g 
Ni(N0 3 ) 2 *6H 2 0 in 50 ml ethanol 

- specimen 4: Ce 0 . 8 Gd 0 . 2 0 2 _ a + lmol% Fe, 4.645 g 

Fe(N0 3 ) 3 *9H 2 0 in 50 ml ethanol 

- specimen 5: Ce 0 . 8 Gd 0>2 O 2 _ a + lmol% Mn, 2.886 g 
35 Mn(N0 3 ) 3 *4H 2 0 in 50 ml ethanol 

In each case 2 g of the powder was pressed in two stages 
into tablets 5 mm thick and around 10 mm diameter. The 
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uniaxial pressing took place at 50 MPa, the subsequent 
isostatic pressing at 300 MPa. In a dilatometer, the 
specimens were heated at a heating rate of 10O C /min to 
1200°C and the length change AL recorded. 
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The table below shows the sintering temperatures and the 
density achieved at these. The ceramic without the second 
doping element D serves as a comparison example which does 
not fall within the scope of the present invention. 



Second Doping 

Element 

D 


Sintering 

Temperature 

[°C] 


Density 

[as % of theoretical 
density] 




1450 


90 


Cu 


900 


> 99 


Co 


1000 


> 99 


Fe 


1100 


> 98 


Mn 


1100 


> 98 


Ni 


1000 


> 98 
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Example 2 
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The CGO powder was mixed with the second doping element D as 
described under example 1. The uniaxial pressing then took 
place with a pressure of 40 MPa (90 kN) for 3 min. into a 
wafer of 60 mm diameter and approximately 2 mm thick. 
Sintering took place in the air on an MgO substrate at the 
values given in the table above and with a holding time of 2 
30 h. The wafers were then ground and polished to a thickness 
of 200 um. On both sides of the wafer were applied silver 
electrodes. As current collectors, platinum networks were 
used and for connection to a measurement unit, platinum 
wires. The total electrical conductivity of the individual 
specimens was determined with impedance spectroscopy in air 
at temperatures of 700 and 800°C. The results are shown in 
Fig. 5. 
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Example 3 



The total electrical conductivity of specimens produced as 
described under example 2 was determined with impedance 
spectroscopy as a function of the oxygen partial pressure 
The results are shown in Fig. 6. 



Example 4 
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The CGO powder was mixed with lmol% Co as a second doping 
element D as described in example 1. 2 g of this powder were 
pressed in two stages into tablets of around 5 mm thickness 
and 10 mm diameter, first by uniaxial pressing at 50 MP and 
then by isostatic pressing at 300 MPa. The specimen was then 
sxntered at 90 0 o C and polished. The microstructure is shown 
« Fxg. 4. The difference from Fig. 3 , the comparison 
specimen of pure CGO sintered at 145 0 o C/ is extraordinarily 
clear. 



